The O(α term involves fewer diagrams than in the standard approach. In particular, the number of infrared divergent contribution is reduced. The calculation is performed in the dimensional regularization scheme and no term more divergent than 1 n−4 is found. Our result confirms the screening of the one-loop top mass effect recently found by Fleischer et al..
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Introduction
It is well known that the electroweak radiative parameters δρ [1] and ∆r [2] are affected by virtual top exchanges in the self-energies of the vector bosons through terms that depend quadratically on m t , the mass of the top quark. Moreover, due to the isodoublet nature of the top, m 2 t corrections are also found in the Zbb-vertex.
The status of the theoretical calculations of these corrections is quite advanced. At the moment we have available for the vacuum polarization functions, beside the one-loop calculation [3] , the complete perturbative O(αα s ) QCD contribution [4, 5] , studies of the tt threshold effects 1 and the leading O((α
W
) 2 ) term [7, 8] . Concerning the Zbb-vertex, the one-loop calculation was performed by several groups a few years ago [9] [10] [11] . Recently, the ) 2 ) terms [8] have been computed.
The calculation of the two-loop corrections has proven to be a difficult task. Indeed, apart from the perturbative QCD contribution to the vacuum polarization, the two-loop contributions have been evaluated in some approximation, either neglecting all the masses and momenta but the top mass [7, 12] or retaining besides the top only the higgs mass [8] . However, these approximations are sufficient to derive the most interesting part of the corrections, namely the leading m 2 t contribution.
It is the aim of this paper to apply techniques used in the current algebra formulation of radiative corrections [13] ) term in the Zbb-vertex using two and three-point correlation functions. This allows us to set the framework for our subsequent discussion of the QCD corrections and to derive the basic Ward identity that enters into the calculation.
In order to fix our notation we write the part of the Standard Model (SM) Lagrangian density that describes the interaction of the W, Z and unphysical scalars with fermions as [13] 
where g is the SU (2) coupling, m W stands for the mass of the W boson, c is an abbreviation for cos θ W , J µ Z and J µ W are the fermionic currents coupled to Z and W respectively, W † is the field that creates a W + meson, Φ 2 and Φ the unphysical counterparts associated with the Z and W and
In Eqs.(2a,2b) ψ represents the column vector ψ ≡ (t, b) T , m 0 , C 3 and Γ are the 2×2 matrices
and the superscript 0 on m t refers to the bare mass. As it is evident from Eqs.(2c,2e) we are considering only the third generation and taking the bottom quark as massless.
The one-loop vertex diagrams contributing to the O(α 
with
where n is the dimension of space-time, µ is the 't Hooft mass scale, T * is the covariant time-ordered product, p and p ′ the momenta of theb and b quark respectively and q = p + p ′ the momentum carried by the Z. As the O(α
) term should be gauge invariant by itself we find it convenient to carry out the calculation in the 't Hooft-Feynman gauge in which the propagator of the Φ field has the form i(k 2 − m 2 W ) −1 . As shown in Ref. [13, 14] , the limiting procedure in Eq.(3a) affects the insertion of the Φ fields on the external lines in such a way that V µ Φ contains not only the proper vertex correction but also the contributions from the wave function renormalization of the b quarks.
To trigger a Ward identity we contract T α Φ withq α obtaininḡ
where D Φ is an expression analogous to T 
with s 2 = 1 − c 2 . In deriving Eq. (5) we have used the commutation relation
Differentiating Eq.(4) with respect toq µ one obtains
It is easy to show following, for example, the discussion in Section VII of Ref. [13] that the first term in the r.h.s. of Eq. (7) is
). Terms of this kind will be considered throughout all our calculations as subleading and therefore neglected. After a partial integration in the last term in Eq. (7) we can write for
As we are interested in the leading m t dependent contribution, we can setq = q = 0 in the second term of Eq. (8) and obtain
where the subscript L.T. reminds us that we are considering only the leading term.
Turning our attention to Fig.1(b) we write the amplitude as
It is immediate to see that the leading term in U 
To express the r.h.s. of Eq. (11) in terms of Feynman diagrams we use Wick's theorem.
We now observe that a non-zero contribution is obtained only when S 2 is acting on a top line. 
where the l.h.s. in the above equations indicates the appropriate diagram in Fig.2 and
It is easy to see that the differentiation with respect toq µ of the denominators in Eqs. (12) gives a zero contribution after the limitq → q is taken. Differentiating the numerators and then putting p ′ = p = m W = 0 one obtains
Eq. (13) 
we see that the term (13) introduces a modification in the electroweak form factors ρ bb and k b equal to −4x t and +2x t respectively, where
refers to the color factor, I 3 f and Q f stand for the I 3 and charge quantum number of the fermion and δρ irr = 3x t . The counterpart of ρ bb and k b in the M S scheme, namely the quantity ρ bb andk b [15], will be accordingly modified by the factors −α/(4πŝ 2 )(m 2 t /m 2 W ) and 
where g s and J λ s are the SU (3) c coupling and current respectively and we have suppressed the 
where
is the QCD one-loop wave function renormalization constant in n dimensions and λ is a fictitious gluon mass introduced to regularize the IR divergencies.
The four-point correlation function depicted in Fig.3(b) , U 
The terms Π In order to reduce Eq.(15b) to a more tractable expression we apply the same procedure developed in Section 2, namely we contract T α Φg − Π (1) g T α Φ withq α and then we differentiate with respect toq µ . The important point to notice is that J λ s commutes with J µ Z . Therefore, going through the same steps as in Section 2, we reach the two-loop counterpart of Eq. (9) 
where D Φg is again an expression obtained by T 
The diagrams contributing to D Φg are obtained by adding a virtual gluon, in all possible ways, to the graphs of Fig.2 . The types of diagrams are shown in Fig.4 . To every graph in the figure there corresponds two diagrams. In the first one the momentum k 1 is emitted by S † (x) while in the second it is emitted by S(x).
To get an ultraviolet (UV) finite answer we have to add to Eq.(20) the counterterm contributions, that we indicate as c.t.. The only counterterm at our disposal comes from the bare top mass. Taking as renormalized quantity the zero of the real part of the inverse propagator, the so-called "on-shell" (OS) mass, we have for the counterterm δm t
In Fig 
where C F is the eigenvalue of the quadratic casimir operator for the fundamental representation of SU (N ), namely (N 2 − 1)/(2N ), (C F = 4/3 for SU (3) c ),
and
In Eq.(23a) B r represents the contribution of the IR divergent diagrams 4(a), 4(b), 4(c) and
g ∂ ∂qµ D Φ q=q once the UV pole has been subtracted. Explicitly
Comparing Eq. (22) with Eq. (13) 
where a =a 0 + a 1e + a 1s + a 2 (26a)
The decay width can be written as
Expanding the squares in Eq.(27), keeping terms up to the order we are considering, one
It is clearly understood that in Eq.(28) the factor B r present in c 1 is evaluated at q 2 = m 2 Z . A few remarks about the above result are now in order. i) All the calculation has been performed analytically. The integration over the Feynman parameters has been checked, always analytically, with the algebraic manipulation program MAPLE [16] . ii) In every diagram in Fig.4 and Fig.5 but 4(a) we have neglected all the momenta and masses compared to the top mass. In 4(a) we were forced to keep in addition the momentum transfer q due to the presence of IR divergent terms. iii) We found it advantageous to regularize the IR divergencies by giving a small mass to the gluon instead of using dimensional regularization.
In this way we did not introduce any 1/ǫ 2 term (ǫ = n − 4) in the calculation keeping the n-dimensional algebra simpler.
Eq. (28) is IR divergent in the c 1 coefficient (Cfr. Eqs.(23a) and (24)). As is well known, to eliminate the IR divergencies it is necessary to take into account the QCD bremsstrahlung.
In particular, to be consistent with the order of our calculation, we need to consider the bremsstrahlung with the inclusion of the leading O(α 
withã =a 0 + a 1e (30a)
Expanding the squares in Eq.(29), retaining terms up to the order we are interested, we have
Finally, summing Eq.(28) and Eq.(31) one obtains 
Remembering that a 1e is written as (G µ m 2 t )/( √ 2 8π 2 ) in the OS andα/(4πŝ 2 )m 2 t /(4 m 2 W ) in the M S formulation, we see that one can take into account the leading QCD effect in ρ bb and k b , or correspondingly ρ bb andk b , just by replacing in the one-loop O(α
Eq.(34) coincides with the result found by Fleischer et al [12] .
Conclusions
In the previous Sections we have shown that the use of current correlation functions and their associated current algebra provides a very powerful and compact framework to discuss the
It is well known that the O(α
) term should be finite by itself at the one-loop level.
In fact there is no counterterm available to cancel any divergent contribution proportional to however, it should be pointed out that they are scheme dependent. In our calculation, as well as in Ref. [4] , the OS mass definition for the renormalized top mass has been used. If we employ instead a M S definition for the top mass,m t (µ =m t ), we have that the counterterm δm t has no finite part, and therefore in the evaluation of the diagrams in Fig.5 Ref. [12] are completely independent. Because in Ref. [12] the IR divergencies were regularized using dimensional regularization it is not possible to make any intermediate check, not even at the level of Γ(Z → b +b). It is a welcome fact that our result coincides with the one obtained in Ref. [12] .
where Π (1) Φ is the one-loop contribution due to the Φ, Π (1) g the corresponding one for the gluon and Π (2) the two-loop 1PI mixed Φ-gluon term. Eq.(A2) tells us that any 1PI self-energy diagram inserted in an external leg should be multiplied by a factor 1/2 while the total counting of the product of one-loop objects should be equal to 2.
We consider first the vertex function V µ Φg . Among the various contributions of the T * -product in Eq.(15b) there are diagrams in which neither the strong currents nor the operators S and S † enclose the vertex of the J µ Z current. We begin by discussing these diagrams for the case of theb leg. They are depicted in Fig.6(a-g) . The wiggly line in the figure stands 
Remembering that Π (2) has the form Π (2) = za + and observing that the first term in the square bracket in Eq.(A3) is zero we have
The factor 1/2 z 6(a) is the correct contribution of the self-energy diagram associated with and 6(b 2 ), can be written as
where i = 1, 2 and the Π 6(b i ) 's are related to Π (2) 
Therefore when we sum 6(b 1 ) and 6(b 2 ) and we use the relations (A7) and Eq.(A6) we get
that gives again the correct contribution to the field renormalization.
The sum of the diagrams 6(c) and 6(d) can be discussed in a similar fashion as 6(b)
Therefore we conclude that V The left-hand-sides in the above equations indicate the appropriate diagrams in Fig.4 and [ [18] S. Betke, J. Phys. G17 (1991) 1455. operator.
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